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1
LOW PROFILE HIGHLY EFFICIENT
VEHICULAR LED MODULES AND
HEADLAMPS

FIELD OF THE INVENTION

The present invention generally relates to lighting modules
and assemblies and, more particularly, to vehicular headlamp
assemblies.

BACKGROUND OF THE INVENTION

Conventional vehicle headlamps employ multiple compo-
nents (e.g., a light source, collector, and light distributor).
These headlamps are also subject to dimensional constraints
associated with the lens shapes necessary to produce the
required light output pattern (e.g., low-beam headlamp pat-
tern, high-beam headlamp pattern, etc.). Light transmission
efficiency is also a problem as conventional vehicular head-
lamps do not exceed 50% efficiency. Accordingly, these head-
lamps require significant energy usage. Hence, conventional
headlamp options with a low profile and high light transmis-
sion efficiency are not available.

Vehicle lighting components with high transmission effi-
ciency and design shape flexibility are therefore desirable to
address these problems.

SUMMARY OF THE INVENTION

According to one aspect of the present invention, a vehicle
lighting module is provided that includes a lens having a
plurality of near-field lens elements, an input surface, and an
exit surface. The lighting module also includes a light-emit-
ting diode light source that directs incident light through the
input surface and out of the exit surface. The plurality of lens
elements is configured to transmit from the exit surface a
collimated light pattern containing at least 60% of the inci-
dent light.

According to another aspect of the present invention, a
vehicle headlamp assembly is provided that includes a plu-
rality of vehicle lighting modules, each module comprising a
lens, and an LED light source that directs incident light
through the lens. The assembly further includes a case for
housing the lighting modules. The lens includes a plurality of
lens elements configured to transmit at least 60% of the inci-
dent light in a collimated, vehicular light pattern.

These and other aspects, objects, and features of the
present invention will be understood and appreciated by those
skilled in the art upon studying the following specification,
claims, and appended drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

In the drawings:

FIG. 1 is a front, perspective view of a vehicle lighting
module with a lens having a substantially rectangular exit
surface according to one aspect of this disclosure;

FIG. 1A a rear, perspective view of the vehicle lighting
module depicted in FIG. 1;

FIG. 1B is a cross-sectional view of the vehicle lighting
module depicted in FIG. 1 at line IB.-IB;

FIG. 1C is a cross-sectional view of the vehicle lighting
module depicted in FIG. 1 at line IC.-IC;

FIG. 2 is a front, perspective view of a vehicle lighting
module with a lens having a substantially circular exit surface
according to another aspect of this disclosure;
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FIG. 2A is a rear, perspective view of the vehicle lighting
module depicted in FIG. 2;

FIG. 2B is a cross-sectional view of the vehicle lighting
module depicted in FIG. 2 at line IIB.-1IB;

FIG. 2C is a cross-sectional view of the vehicle lighting
module depicted in FIG. 2 at line IIC.-1IC;

FIG. 3 is a front, perspective view of a vehicle headlamp
assembly that includes a pair of vehicle lighting modules with
substantially rectangular exit surfaces according to a further
aspect of this disclosure;

FIG. 3A is arear, perspective view of the vehicle headlamp
assembly depicted in FIG. 3;

FIG. 3B is a cross-sectional view of the vehicle lighting
assembly depicted in FIG. 3 at line I1IB.-11IB;

FIG. 3C is a cross-sectional view of the vehicle lighting
assembly depicted in FIG. 3 at line IIIC.-IIIC;

FIG. 4 is a front, perspective view of a vehicle headlamp
assembly that includes a pair of vehicle lighting modules with
substantially circular exit surfaces according to a further
aspect of this disclosure;

FIG. 4A is arear, perspective view of the vehicle headlamp
assembly depicted in FIG. 4;

FIG. 4B is a cross-sectional view of the vehicle lighting
assembly depicted in FIG. 4 at line IVB.-IVB; and

FIG. 4C is a cross-sectional view of the vehicle lighting
assembly depicted in FIG. 4 at line IVC.-IVC.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

For purposes of description herein, the terms “upper,”
“lower,” “right,” “left,” “rear,” “front,” “vertical,” “horizon-
tal,” and derivatives thereof shall relate to the invention as
oriented in FIG. 1. However, the invention may assume vari-
ous alternative orientations, except where expressly specified
to the contrary. Also, the specific devices and processes illus-
trated in the attached drawings and described in the following
specification are simply exemplary embodiments of the
inventive concepts defined in the appended claims. Hence,
specific dimensions and other physical characteristics relat-
ing to the embodiments disclosed herein are not to be consid-
ered as limiting, unless the claims expressly state otherwise.

FIGS. 1-1C depict a vehicle lighting module 10 with a lens
11 according to one aspect of the invention. Lens 11 includes
multiple near-field lens elements 12, an input surface 16 (see
FIG. 1A) and exit surface 18 (see FIG. 1). As shown, the exit
surface 18 of lens 11 may be substantially rectangular in
shape, and the input surface 16 substantially circular in shape.
Further, the exterior walls oflens 11 may be shaped to accom-
modate the shape of input surface 16 and exit surface 18. In
addition, the lens 11 may be fabricated from an optically
translucent material, such as polycarbonate, glass, or other
translucent materials with high optical quality and capable of
being manufactured to tight tolerances. Near-field lens ele-
ments 12, input surface 16 and exit surface 18 are integrated
within lens 11. Accordingly, lens 11 is typically fabricated
from one piece of material.

FIGS. 2-2C depict a vehicle lighting module 20 with a lens
21 according to another aspect of the invention. Lens 21
includes multiple near-field lens elements 22, an input surface
26 (see FIG. 2A) and exit surface 28 (see FIG. 2). As shown,
the exit surface 28 of lens 21 may be substantially circular in
shape, and the input surface 26 substantially circular in shape.
The exterior walls of lens 21 may also be shaped to accom-
modate the substantially circular input and exit surfaces 26
and 28, respectively. Further, lens 21 may be fabricated from
an optically translucent material, such as polycarbonate,
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glass, or other translucent materials with high optical quality
and capable of being manufactured to tight tolerances. Near-
field lens elements 22, input surface 26 and exit surface 28 are
integrated within lens 21. Accordingly, lens 21 can be fabri-
cated from one piece of material.

Both vehicle lighting modules 10, 20 include a light-emit-
ting diode (LED) light source 14, 24 (see FIGS. 1B, 2B) that
directs incident light through the input surface 16, 26 and out
of the exit surface 18, 28. LED light source 14, 24 may be
selected from various LED lighting technologies, included
those that emanate light of wavelengths other than white. As
shown in FIGS. 1B and 2B, LED light source 14, 24 may be
mounted or otherwise coupled to lens 11, 21 at a position in
proximity to the input surface 16, 26, respectively. Accord-
ingly, incident light from LED 14, 24 is directed through input
surface 16, 26.

As further shown in FIGS. 1-1C & 2-2C, the plurality of
near-field lens elements 12, 22 are configured to transmit
from the exit surface 18, 28 of lens 11, 21 a collimated light
pattern 13, 23 containing at least 60% of the incident light
from LED light source 14, 24. There are relatively few aspects
of vehicle lighting modules 10, 20 that lead to loss of light
intensity. The incident light from LED source 14, 24 is
directed immediately into input surface 16, 26. Thereafter, the
light is redirected and collimated by the plurality of near-field
lens elements 12, 22 (e.g., lens elements 12a-12¢ and 22a-22¢
depicted in FIGS. 1A, 1C, 2A and 2C) within lens 11, 21.
Accordingly, the input surface 16, 26 can include near-field
lens elements 12,22 (e.g., lens elements 12a-12¢, 22a-22¢) as
shown in FIGS. 1A and 2A. There are no other surfaces that
reflect the incident light—a process that usually results in
10-20% loss in light intensity. Hence, the overall light trans-
mission efficiency of vehicle lighting modules 10, 20 exceeds
60%

The near-field elements 12, 22 of vehicle lighting modules
10, 20 are also employed to collimate the incident light from
LED sources 14, 24. Incident light from LED light source 14,
24 is usually Lambertian in character with significant scatter-
ing in various directions. In other words, light emanates and
spreads from the source in all directions—on the order of 180
degrees. The near-field lens elements 12, 22 are integrated
within lens 11, 21 and function to collimate the incident light
from LED source 14, 24. Each lens element 12, 22 may
possess a focal length that differs from the focal lengths of
other lens elements 12, 22. As such, these lens elements 12,22
can work together to collimate the incident light from sources
14, 24. Collimation to levels below 10 degrees is feasible with
these designs for lens 11, 21 and lens elements 12, 22.

As also shown in FIGS. 1-1C and 2-2C, vehicle lighting
modules 10 and 20 may include a plurality of optical elements
19, 29 along the exit surface 18, 28 of lens 11, 21. Optical
elements 19, 29 are configured to shape the collimated light
pattern 13, 23 into a particular shape depending on the appli-
cation of lighting module 10, 20. For example, optical ele-
ments 19, 29 can be configured to shape a light pattern suit-
able for use as a low-beam headlamp, i.e., a wide pattern
directed relatively close to the vehicle lighting module 10, 20
when it is arranged in a vehicle headlamp application. As
another example, optical elements 19, 29 can be configured to
shape a light pattern 13, 23 suitable for use as a high-beam
headlamp, i.e., a narrow pattern directed farther away from
the vehicle than a low-beam headlamp. Still further, optical
elements 19, 29 can be configured within vehicle lighting
modules 10, 20 to shape a light pattern 13, 23 into a fog,
low-beam, high-beam, static bending and/or daytime running
lamps.
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Vehicle light modules 10, 20 can be optimized in view of
the potential trade-offs between light transmission efficiency
and degree of collimation. A design of lens 11, 21 with a
single near-field lens element 12, 22 generally exhibits lower
transmission efficiency (e.g., 50% or less). This is particularly
the case for non-circular lens elements, such as near-field lens
elements 12. On the other hand, a single near-field lens ele-
ment can collimate incident light with a Lambertian character
from an LED source 14 down to approximately 3 degrees.

While a large degree of collimation is beneficial, particu-
larly for high-beam headlamp applications, it can be advan-
tageous to design lens 11, 21 with a plurality of lens elements
12, 22 to increase light transmission efficiency. Preferably,
three or more near-field lens elements 12, 22 are integrated
within lens 11, 21 to achieve light transmission efficiencies on
the order of 65% or better with collimation levels down to 5
degrees or less. Nevertheless, certain applications do not
require the degree of collimation necessary for a vehicular
headlamp application. Fog lamp and daytime running light
applications, for example, only require collimation from 6 to
8 degrees and less than 10 degrees, respectively. Accordingly,
more near-field lens elements 12, 22 can be configured within
lighting modules 10, 20 when they are employed in these
less-directional applications (i.e., fog and daytime running
lamps) to further increase light transmission efficiency.

The use of a plurality of near-field lens elements 12, 22 in
vehicle lighting modules 10, 20 provides a large degree of
design flexibility, particularly for low-profile configurations.
Lighting modules having lenses with non-circularly shaped
exit surfaces generally suffer from a significant loss in trans-
mission efficiency. Here, the multiple lens elements 12, 22
integrated within lens 11, 21 (often with varying focal
lengths) significantly improves the light transmission effi-
ciency of the lighting modules 10, 20 without significant
sacrifice to the degree of collimation needed for the applica-
tion, such as vehicular headlamp applications. Consequently,
low-profile designs of modules 10, 20 (i.e., low aspect ratios
of height to width) are feasible.

Still further, the use of a single-piece design forlens 11, 21
with integrated lens elements 12, 22 results in modules 10, 20
having shorter depth profiles (in the direction from the exit
surfaces 18, 28 to the input surfaces 16, 26). LED light
sources 14, 24 need only be mounted in a recessed portion of
lens 11, 21, not separated from input surfaces 16, 26 by any
additional components. In preferred configurations of mod-
ules 10, 20, the depth profile is approximately 50 mm or less
from the exit surfaces 18, 28 to the LED light sources 14, 24;
the width is approximately 80 to 90 mm and the height is
approximately 40 to 45 mm. Even more preferably, the depth
profile of modules 10, 20 is approximately 25 mm or less; the
width is approximately 80 to 90 mm and the height is approxi-
mately 20 to 25 mm. It should be understood, however, that
other low profile configurations for modules 10, 20 are viable
with dimensions that vary from the foregoing exemplary con-
figuration.

Referring to FIGS. 3-3C, a vehicle headlamp assembly 40
is depicted according to a further aspect of the invention with
a pair of adjacent lighting modules 52, 54. Modules 52, 54
may be configured for low beam and high beam headlamp
applications. Each module 52, 54 includes a lens 41, and an
LED light source 44 that directs incident light from light
source 44 through lens 41. As shown, the exit surface 48 of
lens 41 is substantially rectangular in shape, whereas the
input surface 46 is substantially circular in shape. In addition,
each lens 41 includes a plurality of near-field lens elements
42. These near-field lens elements 42 are configured to trans-
mit from the exit surface 48 of lens 41 a collimated light
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pattern 43 containing at least 60% of the incident light from
LED light source 44. It should be understood that the low
beam and high beam lighting modules 52 and 54 employed by
vehicle headlamp assembly 40 operate and can be configured
in a fashion similar to the vehicle lighting module 10 depicted
in FIGS. 1-1C (e.g., lens 41 may possess three near-field lens
elements 42a, 426 and 42¢ with differing focal lengths as
shown in FIG. 3C).

Likewise, a vehicle headlamp assembly 60 is depicted
according to another aspect of the invention with a pair of
adjacent lighting modules 72, 74, respectively, as shown in
FIGS. 4-4C. Modules 72, 74 may also be configured for low
beam and high beam headlamp applications. Here, each mod-
ule 72, 74 includes a lens 61, and an LED light source 64 that
directs incident light from light source 64 through lens 61.
The exit surface 68 of lens 61 is substantially circular in
shape, comparable to input surface 66, also substantially cir-
cular in shape. In addition, each lens 61 includes a plurality of
near-field lens elements 62 (comparable to lens elements
42—see FIGS. 3-3C). These near-field lens elements 62 are
configured to transmit from the exit surface 68 of lens 61 a
collimated light pattern 63 containing at least 60% of the
incident light from LED light source 64. In addition, the low
beam and high beam lighting modules 72 and 74 employed by
vehicle headlamp assembly 60 can be configured and may
operate in a fashion similar to the vehicle lighting module 20
depicted in FIGS. 2-2C (e.g., lens 61 may possess three near-
field lens elements 62a, 625 and 62¢ with differing focal
lengths as shown in FIG. 4C).

As further depicted in FIGS. 3, 3A and 4, 4A, headlamp
assemblies 40, 60 include a case 50, 70 for housing the light-
ing modules 52, 54, and 72, 74, respectively. The case 50, 70
may be configured in a substantially rectangular cuboid
shape, defined by a width, 50w, 70w; height, 50/, 70/; and
depth, 50d, 70d. The case 50, 70 may be fabricated from
various materials as known in the automotive field; however,
the surface defined by the width (50w, 70w) and height (504,
70%) of the case 50, 70 should be translucent to allow the
collimated light pattern 43, 63 to exit the case according to its
intended function (e.g., a collimated low-beam headlamp
pattern, a high-beam headlamp pattern, etc.).

FIGS. 3-3C and 4-4C also depict vehicle headlamp assem-
blies 40 and 60 with lighting modules 52, 54 and 72, 74 that
include a plurality of optical elements 49, 69 along the exit
surface 48, 68 of lens 41, 61. Optical elements 49, 69 are
configured to shape the collimated light pattern 43, 63 into a
particular shape—e.g., low-beam or high-beam headlamp
patterns. Still further, optical elements 49, 69 can be config-
ured within vehicle lighting modules 52, 54 and 72, 74 to
shape a light pattern 43, 63 into a fog, low-beam, high-beam,
static bending and/or daytime running lamps, depending on
the desired application. Preferably, these cases 50, 70 are
dimensioned, and the modules 52, 54 and 72, 74 configured,
such that the height-to-width aspect ratio of the case is
approximately 1:8. Even more preferably, the height-to-
width ratio is approximately 1:4 for the cases 50, 70. In
addition, cases 50, 70 may have the following dimensions:
height 50/, 70/ of approximately 20 to 55 mm; width 50w,
70w of approximately 150 to 200 mm; and depth 504, 70d of
approximately 20 to 55 mm.

The foregoing embodiments are exemplary. Other configu-
rations are viable according to the invention. For example,
lens 11, 21 employed in modules 10, 20 can possess a near-
field lens element composite 12, 22 with continuously vary-
ing focal lengths. Such a configuration is comparable to a
plurality of near-field lens elements. As another example, the
exit surfaces 18, 28 of lens 11, 21 may be characterized by

10

15

20

25

30

35

40

45

50

55

60

65

6

various shapes, provided that they can accommodate a plu-
rality of near-field lens elements 12, 22. It should also be
understood that headlamp assemblies 40, 60 can possess vari-
ous quantities and shapes of lighting modules 52, 54, 72, 74,
according to the desired headlamp functionality. For instance,
headlamp assemblies 40, 60 may possess multiple, low pro-
file lighting modules 52, 54, 72 and/or 74 for a given lighting
or signaling function (e.g., a low-beam function with two
lighting modules 52). Accordingly, the headlamp assemblies
40, 60 could contain two sets of lighting modules, each des-
ignated for low-beam and high-beam functionality.

Variations and modifications can be made to the aforemen-
tioned structure without departing from the concepts of the
present invention. Further, such concepts are intended to be
covered by the following claims unless these claims by their
language expressly state otherwise.

We claim:

1. A vehicle lighting module, comprising:

a lens having an input surface including a purality of near-
field lens elements, and an exit surface, each element
having a different focal length; and

an LED light source positioned to direct incident light
through the input surface,

wherein the elements are configured to shape the light from
the input surface into a collimated light pattern emanat-
ing from the exit surface containing at least 60% of the
incident light.

2. The vehicle lighting module according to claim 1,
wherein the light source and the exit surface of the lens
collectively define a depth of approximately 50 millimeters or
less.

3. The vehicle lighting module according to claim 1,
wherein the light source and the exit surface of the lens
collectively define a depth of approximately 25 millimeters or
less.

4. The vehicle lighting module according to claim 1,
wherein the exit surface of the lens is arranged in a substan-
tially circular shape.

5. The vehicle lighting module according to claim 1,
wherein the exit surface of the lens is arranged in a substan-
tially rectangular shape.

6. The vehicle lighting module according to claim 1,
wherein the exit surface of the lens comprises a plurality of
optical elements configured to shape the collimated light
pattern into a low-beam light pattern.

7. The vehicle lighting module according to claim 1,
wherein the exit surface of the lens comprises a plurality of
optical elements configured to shape the collimated light
pattern into a high-beam light pattern.

8. The vehicle lighting module according to claim 1,
wherein the collimated light pattern is suitable for a vehicular
lamp from the group consisting of fog, low-beam, high-beam,
static bending and daytime running lamps.

9. A vehicle headlamp assembly, comprising:

a plurality of vehicle lighting modules, each module com-
prising a lens with an input and exit surface, and an LED
light source position to direct incident light into the input
surface; and

a case housing the modules,

wherein the input surface comprises a plurality of lens
elements configured to shape at least 60% of the incident
light into a collimated light pattern emanating from the
exit surface, each element having a different focal
length.

10. The vehicle headlamp assembly according to claim 9,

wherein the case has a substantially rectangular cuboid shape.
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11. The vehicle headlamp assembly according to claim 9,
wherein the light source and the exit surface of the lens,
associated with each vehicle lighting module, collectively
define a depth of approximately 50 millimeters or less.

12. The vehicle headlamp assembly according to claim 9, 5
wherein the light source and the exit surface of the lens,
associated with each vehicle lighting module, collectively
define a depth of approximately 25 millimeters or less.

13. The vehicle headlamp assembly according to claim 9,
wherein the exit surface of the lens associated with each 10
vehicle lighting module is arranged in a substantially circular
shape.

14. The vehicle headlamp assembly according to claim 9,
wherein the exit surface of the lens associated with each
vehicle lighting module is arranged in a substantially rectan- 15
gular shape.

15. The vehicle headlamp assembly according to claim 9,
wherein the exit surface of the lens associated with each
vehicle lighting module comprises a plurality of optical ele-
ments configured to shape the collimated light pattern. 20

16. The vehicle headlamp assembly according to claim 10,
wherein the case has a height-to-width aspect ratio of
approximately 1:8.

17. The vehicle headlamp assembly according to claim 10,
wherein the case has a height-to-width aspect ratio of 25
approximately 1:4.

18. The vehicle headlamp assembly according to claim 10,
wherein the case has a height of approximately 20 to 55 mm,

a width of approximately 150 to 200 mm, and a depth of
approximately 20 to 55 mm. 30
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